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ABSTRACT 


Terrestrial photogrammetry with a camera taxing 
@ continuous pieture for 560° around a point and the woetued 
of plotting from the resultant positives by the use of 
transparent overlays was studied. Conclusions resecnec were 
toat the method uaeed definitely snertens the preecess of obh= 
taining topograpiic maps from nhetographs anc reduces the 


calculetions anc work necessary to produce a map of sufflelent 


accuracy to be of practical value. 
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The acience of protogrameétry, while not a now 
or untried methed cf man construction, is nevertneless one 
of the Lesser known fields in the broad expanse of sutlecte 
covered oF Civil Sngineering. This undeubtedly stems par~ 
tially from the fact that mans made br this mothod require 
not only tee usual field and office equinment necessary fer 
thé general pur of topegraonic work, But in additian, ex» 
pengive ecemeras, and a host of related equipment. 411 of 
which usually brings the cost of producing tne map t¢ Such 
aoprehibitive fimire that only the largest coneerns oan af 
ae te own this equipme st ang take advantage of the saving 
in time that photogrammetry provides, 

Terrestrial phetorrammetry terda to Limit iteelf 
to a more specialized fleld than does serial photogrammetry 


Any ~ a @ 


imply vecanse some areas are definitelr not sulteé to 
phoetorrashy from the ground. Neavily wooded areas, or moune- 
tainous terrain with rapid changes in elevation, for instance, 
would be diffieult te pbotorraph vecause of light conmditiona, 
er inabliity of the cawern to “eee” far enowgh to mmke the 
reaulting photograph of practical use. In arene with moun- 
tains and valleys it mer de impecssible te se locate the 

cariora that all of the area required will be within the fleld 


of views 


There are cases on record, however, where terres- 
trial shotcgranmetry wes employed with a great deal of suc- 
eeoss in rugged terrain where ordinary surveying methods 
would have been Limited because of short availability of 
good weather in which to work. In the years 1911-14, a tepo- 


graptic survey was made of varicus rogions of Alaszxa, the 





W. &. Geological Gurvey, inclading tne Port Valdez and Broad 
Pass arces using the methods of terrestrial sluotovyrawvmestry 
covering sppreximately 12,201 square miles and saving an 6s- 
timated one quarter to ore third the cost of the ueual plane 
tasle metuods. 

At the present tise, the metioé usually employed in 
taxing sictures for terrestrial work is to use a large film 
or olate cawere mountec on a tripod or other steady support 
and take pictures about the point oscuptec untii enough have 
been obtained to cover the deslrec area, Some method aust oe 
provided to retate the camera avout the vertical axis in order 
that the tripod remain undieturded and the height of inatree 
went rewain constent for the sorles of pictures taker abvout 
the point.» This system has the obviows disadvantages of car= 
rying several plate or fllm packs Into the field, the possi- 
bility of not taking suffletent pietures argund a point ane 
thus oxeleding important data that might not be noticed until 
later in the office, anc the necessity fer faving an accurate 
View finger which again wleht result in leaving out Larcrtant 


Gata. In eddition, it micnht be said that at best, only the 






. ual 
om a 
9 atting bam Hlamere Ha 9 

Py © meee dig) oat & 
~~ “ - 
f led pitt 
lain mean / 
apm hee 

191 ee om re 

(Met a eure ale 
ee ee 


ae 
. 












— - 
al Ah steliient | 
—s. ! 






a 
ao 
) 







Lan) 
i a> 
| - 
i ae 









x. 





“ 


ec 


Spleens o> 2 one 
te Peer «© Pe Oey oF 
er as ono 
Oe le Mos (ine a, CN 
i 
ee ee es 
ni eh ele > ew ote any 
Site Regt ee OR mt ee ely 
i ee ee .' =< wan 
| 8 ee) ee ee 
0 ee Te oe oe ow 8), ele et Cet 






1 
































- 





central portion of the ohotogragh 


eurate meusuresents are desired due te the 





tion acquired in taking «a tiree dimensional view ané trans- 
fering it to a large, flat plate, plus the distortion in the 
Londe 

After the victures are bee, develeped and printed, 
it dDecomes nécessary to proceed trrough a rather long anc 
compifecated proceedure vefore the objects in the pictures are 
transfered to the map. Essentially this consists of orlent- 
ing the pictures or picture traces with reference to tne 


point oecuptled; ma comett: ochject on at least two 


a 
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nietures taken from different pointe; determining the dis- 
tence from the principal line of the picture to the lwage of 
tire Object om the two pictures; setting off trese distances 
on the sicture traces; connecting, on the map, the esints 
oceunlec anc the Lmase distances previcusly set of f om the 
picture traces to produce two intersecting Lines that will 
locate the object in question. It may easily be sean that 
thie may oSecome a rather levoriocus process, eapecilally when 
the area covered is somewhat large and a large neamber of 
pictures are used. 

The aathors, in senjurnction with Mr. J. hy Munner 
of the Givil Enginecring Department, Reneselaer Polytecimic 
institute, have devised a type of camera and method cf an» 
plying the resultant cleture which they believe will elini-+- 
nate goveral ef the steps listed above as well as some of 


the inherent disadvantaees of the fllm peck cr plate camera 
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previously discussed. Oriefly, the camera consists of a 
revolving element carrying a film wagagine and lens systeu, 
aod the film magazine carrying a long strip of flim Which, 
when properly exposed, resulta in a picture that is con- 
tinuous and complete showing all the objects visible to tne 
camera for a complete revolution about the point cecuoled,. 
The olcture from the cemera is about three end one half 
feet long and six inechen wide, previding a picture large 
enough to get accurate cetall without enlargement, The im- 
mediate advantage of thia camera is seen te ve the abllity 
to incluce everything within range on one expesure and one 
setup. The fact that the cetera mar be leaded for more tran 
ora en precludes the neceseity of carrying extra plates 
or film packa inte the fleld, thug making one leas item to 
barcles, The design of the urit utilises only the central 
portion of toe lena in @ horizontal direction, hence the en- 
tire sicture is useful for plotting data with the possitie 
exception ef the extreme upver and lower porticns. These 
portions of the picture are of Little censequence in the 
usual terrain encountered in terrestrial photogrammetry 
since they consist of sky on one hand and objects extremely 
elose to the camera on the cther hand. 

The plotting precedure is simplified by the ene of 
&@ tratvsparent overlay whic). ts reled in a vertical clreation,; 
intervals between the lines Indiceting a cefinite enguls 
rotation of the camara, THis overlay is plseed over the com 


pleted picture, whienr will contain one or more knot peints 
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previously plotted as a control system, the everlay iz 
oriented with respect to known points and amgalar aif- 
ferences dSetween the known points and tmknown ovujecta 
menasured, Fith a protractor, then, it is poss#ivle to trans- 
fer the angular measuresert from the overlay to the plotting 
shhect. It is celleved timt thie method wili save time and 
trouble in tie office, sirce fewer pictures are then there 
Will be less confusion curing the plotting and more detail 
fan be obtained from one set of pictures, 

inasmuch as the design and constrection of the 
camora oceuplec a consideracle portion of the tine allotted 
to the pursuit of thesis work 1t becane necessary to eur 
tail work on the map project near the end of the semestor, 
ror this reason, only two pictures were tasen from knew 
polrts, and these om the football field at Renasel@er Poly- 
teeimio Inetitute. It was felt that these twe pletures with 
tie resulting map, would illustrate the problem at hantl and 
the procedure suffleiently to prove the worth of the 360° 
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TZEORY AWD DUBIGN OF Camsha 


Theory 

It is intended to deserive only those points of 
theory that differ from conventional terrestrial photo- 
urarcmetric theorye 

It is believed that the theory of the ¢caméra can 
beat be explained by firut conaldering a almplified camera, 
and alterine it step by atop until the actual camera is 
achieved. 

Let us first consicer a camera using a pinnele 


ase liens, anc having 


a 


ite flim curved along the surface of 
mn imaginary cylinder with the pinhole on the axis of the 
Cylinder, as in Fig. Iv-l. 

If a picture were mace witi. such a cawera, the 
eleture containing objeets A ane B, the lLorlazontal component 
of Gistance along the arc separating images a and b is equal 
to £2, where 2 is the horizontal angle, between rays to ob- 
jects A and 2, in radians. From elewentary photographic 
theory, the radius f is the equivalent focal lergth, a tern 
usually apoiledc to a lens or system of lenses, bit equally 
arnplicaole to tha arrangemert illuetrated. 

sow lot us imacire a fecal plane soutter tnetallad 
in the simplified camera. The focal plane samtter conatsts 
simviy of ma ahield with a narcow yortical alit in it, Blaced 


Girectly in front of the fila, as in Pig. Tv2y 
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The shutter and pinhole revolve about a vertical 


axis trough the pinhole; the film remains finets ts evi- 





Gert tuat the use of a seutter of this tyoe has no effect on 
the position of imases, so long as tae odjects being photo 
graphed rewain fixece 
Were Lt not for certain practical difficulties, we 

might conceive of exterding tne film to form a complete cylin- 
der as in Fiz. Iv-3, thus obtaining a picture of all objects 
in the vicinity and not above or below the fleid of view of 
the camera. The lensth of film required te form Such @ cylin= 
der would be the equivalent focal length mitiplied by the 
angle itn radians of a full clirele, cr @rf. Aside from the 
inherent bulkiness of such an instrument, the prineibal ob«} 
jectim to it is the absurdity of passing Light through the 
film on the opposite sice ef the cylinder from the vertical 
slit, the film Deing Sarely translucent and aleo rather light- 
sensitive, 

| singe, however, only that part of the film Which is 
Girectiy behine the slit is to be expesec at any one instant, 
the poslticn of the rest of tue film st that instant is une 
important so long as it 183 proteated from exposure, The re- 
quirement is that the part of film being exposed have tle 
gene position and motion relative tc the slit that 1t woald 
hawe if it formec a cylinder as itn Piles IV=-3, 

One way to accoriplish thie La tliustrated in 

Pige IVe4, The wear of oitel Clameter Cf remains fixed, while 


tie gear of piteh Clameter 2r anc tne Film driving drums of 
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radius r rotate and revolve s8out it. Tims the Til@ above 
the tangent point of the gear piten circles ocenples the 
seaee pesitton as it would if it formed a cylinder aa in 
Pisses IV-3. 

uears of sles wore convenfert to use and more 
readily obtainavie than those in Tig. Iv=4 mummy be used to ob- 
tain tue sawe efiect, sinca so lorg ag the sear ratio s/f is 
retained, the amount of film osssing the elit te Berif/r)= awe 
for onm@ revoluticn about the atationary gear, The remilting 
dislocetion of the plnhole from tne center of rotation, an 
the fact that the curvature of flim Goring exposure is more 
yroneunced and opposite to the theoretically correct curva» 
ture, ore of no consequence so far os Horigontal distences on 
the oieture are concerned, and have little effect on vertical 
gistances. The stubstitution, for the pinhole, of a more 
practical lera system, anc the addition of such accessories 
as drive mecoanisa, provis'on for Levelling, film hardling, 
light srieldins, and auppert, complete the change from tre 


Sixeplified cemerse to the actual instrument, 


~ 


Des ion 

Fortunately, thse tlLeory ceveleped for the camera wre 
such ag te allow conaicgereble freedom in design, making pase 
Bible the use of materials ard parts most reacily avallable. 

It was ceciced to use a lers system of mnoterste 
speed ana with a foeal length of aix to eight Inches. A canera 


with an exesllent £/6.3 lens aystew and a nominal fecal lLengt) 
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of 170 tne was located and purchased, The sctual equivelent 
focal length was found to be 6,55" by a method siviler to thet 
deserived ir a thesis by Reynolds and Chilton, Rensselaer 
Polytechnic Inatitute, 1945. 

The atationary sear, ita planetary gear, and the 
goreeket Gram diameter were chogen simultaneously by trial 
and error to fulfill gear ratio requireeents as set forth in 
Section IV-A, to give an integral mumber of spreeket teeth, 
for availstility of gears, and for various desirable physical 
Getalla. The following were chosen: 


Stationary sear: 192 tooth - 6" Piteh Diameter - 


oe vpiteh 

Planetary geart 50 tooth - 16/16" Viteh Diameter ~ 
o2 piteb 

Sprocket: 20 tooth - 2.046" Dram OClaeetor 


it will be seen that in cone camera revolution,. the 
planetary sear and sprocket will move through 192/80 = 6.4 
reySlution then equals (sprceemet revolutions) x (numper of 
soroccet teeth) x (center to senter distance tetween film per- 
forations), or 6.4 x 20 x .8£14 = 41.15". ‘Since @Qrf = gr(6.53) 
~ 41,0", the requirement that Llenth of film per revolution 
equal evr has been fulfilled very closely. The slight difference 
vetweern actual and theoretical lengtn of film causes neo error, 
since film length rather tner fegal length is used in bearing 
anc distance computatiers. 

it was decicec that a@ cagera rotation spesd cf 


avout 2 repem. would be a ressonalle cempronise between vi- 
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bration elimination and economy of time. Since the motor 
e@hosen had a nameplate speod of 0000 r.pwm., the required 
/1l. Bince # reduc~ 
tiom of €.4/1 between the etationary gear and its planetary 





total wear reduetion wes 5090/2 or 250 


gear had been fixed, the reduction requirea of the remain= 
ine drive wear train was 2500/G.4 or 3890/1. Actuslly, a 
400/1 ratio was used, coriaisting of two 20/1 worm gear sets 
in eeries. One single threed and one double threat worm 
were used 30 that speed could be dovblec or halved if this 
proved necessary, without resetting bearings, by merely subd] 
stituting a dovwsie for a eginvriea tnread set or vice vers 
ihe time of one revolution, then, basec on motor nameplate 
Gata, equalled 6.4 x 20 x 20/5090 or .512 win., or 30.7 
seconds. 

trial pietures made with the Eastman Autograbhic 
Camera as purchased, using picees of the sane film intended 
for uss in the panoramic camera to be constructed, showed 
that an exposure time of 1/100 second gave excellent results 
for expected avers,e light conditions at approximately f/15, 
making the instrument canable of adjustwent for #ight condi- 
tions brighter or darker than the exvectec avermees The ex~ 
posure time of the pancramic camera Ls equal to the time for 
Ore esmera revolution, multiplied by the ratic of silt widt: 
to file length for one revolution. Then, 1/100 sec. = (30.7 
sec.) x (slit wiéth)/41.1", and slit width equals 41.1/30.7 x 
slit width 


100, or .0134", Proviston was made for varyin 


& 


from zero up te about .125" to accommodate future adjustments, 
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for tie saxe of greater Gepth of field, it was latér cecided 
to increase slit width end expesure time, using smaller aper- 
ture settings. Slit wldth was wade 1/16", bringing exposure 
time up te 1/25 secerd. 

The flexible belt drive ratio was calonlated go 
that the belt would ten¢ to Grive tne take~up reel faster than 
the film feed would pormit, thus keeping tension on the tare} 
wp end of the fTllm, Tension is Insured or the otner end by a 
drag on the loacing reel sheave. Ali gears and s»eaves were 
locatec below the oragazine to minimize the nossibility of 
Liert leaka and to xeep the magagine as small as possible, 

The searing arrangement was cesignec so as to make the maya~ 
zine readily removable without disturding ite light-tightress, 

The overall layout of camern parts was cnosen for 
simplicity of constrcection and cenvenience ln use, rather than 
for conformity with standard machine design practice, outward 
appesrance, or inhgsrent meehanical balance, The leestion of 
batteries well forwarc wag of considerable help in valancing 
the cemoera, placing the center of gravity atove a oocint well 
within the arca cf the Lavelling head base, 

Sinee practically all machine work was dore by the 
autiiora, only layout drawings were mace. Details were wor! ea 
eut in the shop as works nropregsed and mecharical tolerances 
were determined by feol during hand fitting operations, keep- 
ing in mlnd the funetional requirements of the individual as- 
eemolies, Wor example, a slight amount of binding was tole- 


rated in the Mtting of sprocket to film, and between the 


—— 
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stationary gear and its planetary gear, in order to insure 

 agrinst bacwlash between filw motion anc camora rotation; 

em the other hand, the drive gear train was meshec rather 

| loesely to insure that the motor woule not be overloaced, 
The design for provision of support, levelling, 

and light-tisgnhntness will sce evident from the desoription of 


the camera in Section V-A, 
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OMBCRIPTICN OF APPARATUS 


A A ap ay 


Camere. 

The word camera as usec herein Geays the a@utire 
azoombly, except for the tripod on Which Lt is mounted, 
usec for making an exposur@. It sight logically »e divided 
into four parts, nawely, Lens ard sitter assembly, film 


magezine, frame assendly, and levelling head, 


Lens anc shutter assembly: This censists of an 
Bastman Autcgraphic cagera, with an f/6.5 anastigmat lens 
system of nominal 170 mm. focal length, complete except for 
the removatle back, film snools and@ fron catch. A stop was 
inatalled for ease in focusing at infinity; a gasket waa 
edéed to the rear to eliminate light leals between it and the 


film magazine. 


Film magazine: This censists of a dex fabricated 
of 1/4" 61 ST Aluminum, asaembled with aluminum angles and 
screwa. The Dox 18 rourhly an eight tneh eubes. The two 
sides are gasketed and secured with wing nuts of easy removal 
anc agsembly in the Garxroom. The front nas an opening for 
admission of light from the lens system, and olips for hoeld- 
ing the bastman Camera in poeition. On top are the level 
vials and three bearing cavs which held the vearings in place 
and exclude light. Inside at the rear are two film reels 
mounted vertically; forward of the film reels is the sproc~ 
keted drum. aA shield Wlth a slit of adjustable width ta 


mounted direetly in front of the drum, The shield is mounted 
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on vertically axed hinges at one sice, and a vellows of 
rabber connects the vertical slit and the opening in the 
front cf the argazine, and alas holde the shiele againet 
the film during operation. 

The shafta of the reels and sprocketed dram exe 
tenc through bearings velow the bottom of the boxe The reel 
shafts carry sheaves for maintaining film tematon as pree# 
viously deserised. The drum shaft carries a sheave which 
is belted to the take-up reel sheave with a flexible belt. 
The dram shaft also carries a worm goar whith, ween the 
mageasine is mountec, meshes with the second worm of the drive 
Sear train. The drom shaft also carrilos the planetary gear 
which mates with the etationary cear. 

Tre Inmaide of the magazine and perta mounted there~- 
in nave been blackened either Uy a chemleal process or by 


paintings, depending on whether or not their cinmersions were 





oritieals 
"Yane gasemvly: The frame coneists of two seldce 
plates helc by angles te @ bette clate. Ite purpose is - 


to tranasit the loads from the magagine, lehe astensly, 
Grivo meciartem, and catterlde to tye leveling kant, The 
batterlese which supply the motor are mounted well forward 
between the side slates. The motor ts mounted on the right 
aide plate, anc ite shart carries the firet werm of the 
eriving traing The Wall vearing mountec cross aheit extends 


through the right side slate to carry a worm geer wien 


meshes with the motor worm, On the oross shaft, midway bee 
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tween the side pletes, ig the second worm of the driving 

train, which, wher the macesine is mounted, meshes with the 
worm gear mounted on the drum sheft. The moter is srevided 
with a pet bu tton switch at the end of the flexisle leads, 


to which is secured a removable cedle release for the capera, 


Leveling beac: This is simply a standard, fairly 
rugged leveling heat from an antiquated transit, stripped 
down to expose the top of the flan;e ef the upper motion 
taper. he bottem plate of ti.e frame is secured rigidly to 
thie flange. The upper motion taper then tourna ag the camera 
rotates in operation, the lower motion remaining clamped ex= 
cept during the Leveling operation, The stationary gear is 
fitted to a projecting ring eat the top of the flange cf the 


Lower motion taper. 





“ awe nes Tata 
et 


o 7 « '? 












> > & - .- ae Mn -_ . - _ ¢ ~ a 
*g0 uo rtweg Gag Sun oer 2 US Siwy. 
Tt -_ - ~ e = i — :o% G * . oo 
LPAsL 8901 POHNZGES “ASL LOA [ROWS SASMMO Jo MOA Cay B-4 *P ty 








Be Eield Equloment 


The field equipment described herein refers only 
to that equipment actually used in conjunction with the 360° 
eamera and not any additional that may heve been used in the 
laying out of control. Since gontrol may be laid cut in any 
one of several ways, it is felt that a discussion of sweh 
work is outside the scope of this thesia. 

In addition to the camera itself, the following 
pieces of equipment were used: 

One Standaré surveyors fleld notebook. 

Range poles to be usec as targets, aquipped with 

white carddoard tacked near the top of the 
range pole to aid in identifying it in the picture, 

Exposure meter. 

Plexible steel rule. 

Plumd bob, pencils, etc. 

Since the camera as asseubdled on the tripsd is a 
rather heavy plece of equipment, welghing about 45 pounds, to 
be moved readily, it was found that three men form the best 
party when working in the field. These might be classed as 
Photographer, whose duty is to care for the camera, levelling 
taxing the picture, supervise the piacing of the targets, 
and s¢e that the camera is properly transported to the next 
Loeation; hotekeeper, whose Guty is to take comprehensive 
notes on each station eccupled, light cerditions, height of 


instrument, lens opening used, anc aie tue Protograpser in 
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the transportation of the camera; Aasistant, whose duty 
ls to place the targets as cirected by the Photographer 
and maintain them tn such a positicen thet they will pro- 


duce a readiiy identifiable image on the print. 





Ge Darkreem Equipment 


As previcusly noted tn the section of Theory and 
Design of the Camera, one of the factors in the design was 
the width of available film. Since thie film was about 
twice the width of the film which wae to be used in the 
camera, a cutter was developed which coulc be used in the 
darkroom and yet cut the film with sufficient accuracy te 
be used in the film magazine without further trim@ing. <Al- 
though this cutter hes no part in the processing of the film, 
it was thought that 1t siould be mentioned In the event that 
avallable commercial film does not fit the soresket dram or 
the film reels in the file magazine. 
in addition to the cutter, the followins ltems 
were usec: 
Government surplua film developing unit, with 
set of threes nesting stainless steel tanks and 
reversing reels. 
Three white enamelec trays, 11" x 14", 
Large plece of plate glase for making contact 
prints, abeat 12" x 40", 
Toweling, or other material for placing under 
the plate glase te insure sco0d contact between 
the printing paper, fLlm, and giass, 
Timer, measuring graduate, atirring rod, thernuo- 
metor, and blotters. 
The chemicals used in procesaing the fliw and 


pacar were commercial products, peadlly obtainable at any 
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Photegrapl.ic Supply store, 

Yor film, b-/%6 type develcper anc Acid Aypo with 
dardener were used, 

cor the prints, “ierecol, a De’2 type cf cevelcper, 
Shortstop witht an indicator, and Acid ilypo with 
jardener were used. 

The paper usec for the prints was Ago Yk, single 
wWeirht, smooth, glossy, in a roll 16" x SO', 
This provided enough paper for twenty four prints 
with suffietent paper left over for teat strips. 
The original intent was to use deuble weight 


paper, but this was unobtainable at the time. 





be Napping squipment 


Mapping may be performed using none other than 
etandard drafting equipwent,. Additional items which were 
found helpful were two transparent overlay grics divided 
horizontally into 360 equal divisions in 41.15". One Gi- 
viaion then equals one cesree,. 

Sinee the method of determining elevations is 
the same for this type of equipment as for conventional e-~ 
guipment used in terrestrial photocrametry, no ¢levations 
wore plotted and the grid wae not divided vertically. NMecom 
mencationa concserming procecure in determining elevationa, 


however, are included in the section on recommendations. 














Two methods were vaed to cetermine the foeal 
length of the lens system used, Inasmuch as the focal 
length played an impcrtant part in the design of the cawera, 
it was necessary to determine it with a fair degree of ac- 
curacy. This was dene in one instance by direct neasurenent, 
focusing on an object far enovgh from the lens to ve con~ 
sidered at infinity and measuring the distance from the lena 
to the ground glass focusing screen, A cheer cn the focal 
lencth as determined ir this way was made by taking a pic~ 
ture with the camera focused at infinity, measuring the ace 
tual cistenee between two objeets in the nicture, the dis- 
tance from the camera to the objects, and the distance be- 
twoen the imayes of the objects on the film. Knowing this 
data, the focal length may be computed using sglwiler tri-~ 
arg les. | 

Data for these focal length aeterzinations ap~ 
pears below: 


Direct Keasurenent 


1 fe S AWVe 

Baek Focal Length 6.08" 6,0" 6.07" 6.07" 

Front Feeal Length 7 436" 7935" Teds" 7 35" 
ed 1_Ss* 3.40" 2.42" 


ab 57" £2.11" 1.14" 
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6,07 $+ 7 «» €¢71" Average Pocal Length 


Ploture Plane Method 


Two pictures taken from which the following cata 


were obtained. 


Bb ce 
Negative #1 3.36" 034" 
Kegative #2 3.36" 054" 


a>, 159.9, f1, = 6.58", fl, = 6,52" 
a * ges5 


G4 5 18470, 1, = 6,55", fly & 6.55" 


6.55 + 6.52 . 6.55" Average Focal Length 





Front Focal Length 
| Back Focal Length ; 


object | Bat ae tetel 
ir: ck 2 cnt. 
ns | | 
eft _] | 


Pige Viel. Focal Length Determination by 
Direct Measurement. 





Pig. VI-2. Focal Length Determination by the 
Picture Plane Method. 
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2 Film Speec Determination 
Since the film toe be used was know to be Aé6ro 


type, it was assumed that it had a fairly fast emaleion. In 
order to find the approximate speed of the emmision several 
strips of test filme were exposed in a camera, sigilar to the 
one used on the 360° unit, at varying lene openings, the 
shutter speed remalnins constant. Unfortunately, no exposure 
meter was avallable during this run, hence ne svaluation of 
lisht intensity waa made other than could be observed. 


7, AJoril, 10948, 2:50 pm, clear and bright, medium 


SUN « 
Test Strip f{ Value shutter Speed 
1. 8 1/100th sec. 
Qe il 1/100th see. 
Be 16 1/1L00th see. 
4, 22 1/100th sec. 
B, 352 1/100tk ade, 
Ge 64 {approm) 1/100th sec. 


Developed in Mog. Developer, 11 minutes at 69° Fi, 
Wasnec in water for © minutes. 


we 
bd 


Fixed in Acid Type for & minutes. 
kash 50 airnutes in running water: Ory. 
Resulte: Settings at £/11, £/16, and £/22 pro- 


duceé good definition ard detail with best results at £/16. 


ee Piret Trial Fem 


26, duly, 1949, cool with high overcast, sun 
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breaking through intermittently, light shadow. Camem loca- 
tion, approximate center of football field, Reneselaer Poly= 
techiie Institute. It wes declded to change the lens open=- 
{ing about every 60° of angular rotation to ehecx on the cor- 
rect cpening for this List condition, 





Gok HLilL, Dining Bell, and 
Fast end of fectvall fteid. 


3 Vast end anc eenter of brick 

sLleachers, 

Ll Center and West end of brick« 
plescners. 

16 Greeng Bullding and Vest end 
of feot ball field, 

2? Sacse Dullding, and Troy Buildin 

32 Ricketts Building. 

64 (apprex.) Aone Kast enc of football 


Developed in De76 eight minutes at 738° F, 
Waah three minutes in running water. 
Fix ten minutes in Acie Hype. 


Wash thirty minutea in ranning water. Dry. 


Hesative: Beat results obtained from lena opening of £/16. 
Useable negative fron £/11 to £/22, however, if care is 


usec to vary exposure when making contact print. 


4, Seeond Triel Run 
246 eecon!) trial ran was made for the purnpoge of 


csceternining the true horizontal axis of the camera, hia 
ts 
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was Gone by scriving Lines on &@ plece of transpmrent mae 
terial and securing this to the agiuminem plete forming the 
foes] plane slit in the approximmte Lleeation of true hori- 
zontel., Tle trial location was determined by eureful esti- 
mation of the picture obtained from the first trial rman, 
xnewing the leeation, agrrox tne te reight of ths camera, and 
height of the front brick wall of the bDleacters. 


vocation: Football field, N.P.i., 20, July, 13948, 
not and clear, Light value: General Plectric 
light meter type DW-55, cover closed, 10 feot 
cancles, 


ulpment “pecise level No. 143, two level rode, 


bet 





COMCTHe 
Procedure: Determine helgnt of level, belght of 
camera, secure one level rod at each end of foot~ 
ball fielé and set targets to correspond to the 
height of the lens of the camera, 
Data: Neight of level  4,364' 
| Riight of camera 4,805', Dei. O50". 
Lens setting, £/16 
It was found that the line corresponding to the 
true borisontal axis of the camera was the fourth line from 
the bottes line of the lines inscribed on the transparent 
material in place rather than attempt to reset the correct 


line after remeval of the othors. 
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6. Third Iriel fun 
Mace for the purpose of sequiring duta for plet- 


ting of a map, but dae to errors in setting up and operation 


of the camera the data obtained head te be dlacarded,. 


GC» Fourth Ran 


Mece for the purgose of sequiring data for plete 
ting map. 13, August, 1043, overcast and light gun, werm and 


sultry. 


Location: Foetball flela, K.P... 

Data: Jirst.seteup. Ccoupled Oe). A-S at west 
ena cf football fleld, Light con@ition 20825 fe. 
Bele 409'. Lens Cpening £/165 Target ot Tei. 
Bed, White card on range pole, Camera opsrated 
for full revolution. 

‘Gecond seteup., Cesupied Usk. UeS at east 
end of football fleld, Light condition 20«25 fe. 
Mel. 560', Lens epening £/13, Target at @.%. 
ApwS. White card on range pole. Camera operated 


for full revelution. 


Developed in De76 fifteen minutes at 7O° F, 
"a6 two minutes in running water. 
Pix seven minutes in Acid type, 


Wash forty PMive winutes in ranning water. Dry. 
Cn exmiination the negatives seemed satisfactory 
but an attempt at printing showed sufficient over expesure 


on the first seteup, Aw-3, to make a retake advisable, 
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7. Ehfth Ban 

Made for the purpose of obtaining « better negative 
than wags obtained from the fourth ran of occupying Bele AWS. 
15, August, 1943, oright sum, warm. 





Peotball Tleld, Ne Pe Ts 

Data: Occumied 2.¥. AWS at west end of Football 
field, Light sondition 25 fe. Hel. 4.7'. 
Lens epening f/2@2. Target at Bets B<3, white 
card on range poles Camern operated for full 


revolution. 


Developed itn De-76 fifteen Minutes at 72° Fs 

Vash ten seconds in ranting water, 

Pix 6ight minutes in Acid lypoe 

Washed one hour in running water. Dry. 

The negative from this ran produced better pictures 
than that from rum fours 

Seren records in the Departmért of Civil Mmeineering, 


vearing from R+S to A=3 208° 42 20", Distance 510,93", 
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Ae Care and Operation of Camere 


The precautions commonly exercised tn handling 
graphie equip- 
ment are applisable to the camera; that is, exeesalve suecks 


and storing surveying instraments anc phot 





anc exposure to extremes in humidity and temperature are to 
be avoided, anc the instrament should be kept clean and well 
lubricatec, The only parte tat way require care other than 
ig readily indicatec by their nature are the gears, spresket, 
anc leveling heed tapers. 

Dae to thelr exposed position anc tne fact that 
some of them are of steel, the coars may tend to collect 
Girt and rust. A evating of medium srease containing a rust 
inhiblter will prevent rust at ordinary temperetures, The 
gears sheulc be xept scrupulcully clean, since particles cf 
foreign matter in them can cause roughness in eenera operation 
With resultant light streais in the pictures. Ordivary 
meciwum O11 is satiafactory lubrication for the gears. 

OLll mas not been Pound satisfactory for luvricating 
the leveling head taper. Dee to consicerable welrent of the 
Ceomera parts above tie leveling head, a medium to heavy grekse 
wes used and consicerec saatiataetory for this purposes 

QO Special care ne@d be accoréed the sorockat une 
less for sowe reasor it te resovret fron the fille vapeaine, 
in that case conslCerabie cere muct be tehen to avoid demag- 


ing the teeth, whic are of aluminum and tierefore grite sert. 
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It is recomended that the leveling Sond and framé 
unite be kept asgembiec together at all times, likewliae tie 


lens anc simtter assevuly ard fllw magazine. 


Proescure for setting up and operating tle cisers 


is as follows: 
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Lie 
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Set uo tripod. 
“Yount leveling bead anid frase asae=mbly on 


tripod. 





Locate ever control point, using plumb bob, 
Fount magazine anc lens assembly, taking care 
not to camace the gears in meshings 

Check gear sesh Uy turning motor ovar by bend, 
Open cawseré art exterc belldwe until posltive 
aston is reacted. 

ingert cable réleage in sluatter aechenigns 

Set stutter control to ttee, *T" on lens 
hneusings 

Cock atutter and push cable relenee twice in 
rapic succenaion to eheck operation, This 
operation will overexpose ateut 1/16" of film, 
but the assurance that the shutter is operating 
Ls well worth it. 

Necock SrMtter. 

AGjust aperature, 

Level instrusent with lower motion unclasped, 


and set at cesired starting point. 


Claap Lewer notlons 
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14. 


Stanéing et the plight band site of camera, 
operate cmuié relesse and octilen switel as 
nosr siwulteneously es pussitle. The operator 
ean xewp oat OF tho Tleld of view wy walking 
to ene side or behind the cagera whtie it ie 
in operations, “Shen the instrament has com-= 
pleted a {cll revelution, or the desired part 
of one, agin push switeh and enable release, 
Stepping the motion cf the camera and clostag 
the switens 
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EF. Dmriroa fguioment 
le Outting Wile 


Since all of the cutting operation must Be done in 
total darkness, it 19 essential that the position of all 
equipeent used be carefully noted to prevent confusion ané 
loss of time. The 12" reel of Wrent film 1a dest olaced in 
the cutter so that the emulsion (dull) aide 1s up as the 
film passes under the cutting bar, fatse the catter ber and 
draw the uneut film toward the empty reels, passing it under 
the empty reela until about five inenes extends beyond the 
ecse of the ontter bases Lower the catter bar, clamp, and 
wull the film dy band toward the efipty reals until she @Lit 
sections cf the film cone to avout the edge of the cutter 
bese, With scissors or a sharp mife cut the oxeese yorticons 
of the flim away, Lenving the twe six inch stripe to be fes= 
tened te the empty reels ard the seall atrin one quarter of 
an inch wide that comes from between the cutter blades, 

Thumb tack the six inch strios to the expty reels, 
emulsion side facing inside, and start turning the crank 
coonterclockwlee. At the same time, pull tue quarter inch 
strip toward the empty reals to belp clear the cutter blades, 

Thies is very Leportart, since any stoppage ef the seall 
strin will clog the cutter blaces arc tear the film If the 
taurnins of the crank is waintatmed at a ateady and even 
rate, tire ontting siorld rroceed rapidly and withonrt trouble. 


Wher sufficient fllm has been mlsacea on fhe reels, 
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eut the film free, remove the reels frou the erank shaft, 
and stere the film in a light tight container, 





a the flig 

The developing proceas must also be done in total 
darkness until the fll has bee: in the Mypo for about five 
Ginutes efter wich the Licht may ve turmed on. This ne= 
cessitates orderly placing of the ceveloping equinemmt so 
that the flim way be easily moved from one tank to the other 
without loss of time. 

With the equipsent in position and solutions in 

um tanks, resove the sices from the film Magamine and Load 

the reversing reels that form part of the developing units 
Start the timer and place the recis in the tenk® oontaining 
the developing sclutions, Notate the reels so tiat the film 
ia continuously moving frouw one reel to the other, at a 
fairly uniform, alow speed. After the developing tiwe is 
completed, raise the reel unit fron the developing solution 
and allow the excess to drain back into the tank. flace the 
film and reels into the wash tank and allow te wash with 
running water for about two minutes, then remove and drains 
ext, place the unit in the Hypo to start tue fixing pro-= 
cess, after svout five minutes the ligats may be turned on 
anc the film examined. Continue the fixing process for 
about ten to fifteen minutes, depérding on the freshness of 
the ype. Remove from the ilypo, drain, and wash in ranning 


water for acount ferty minutes, 
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After the fila is weshed, remove from the reels, 
yang up by the use of clipay and romove the excess water with 
a photo aponge. 

Experience has indicated that the eoat convenient 
length for drying is a little over six feet, or two pictures, 
If tre reel developed contatna sore than two pictures, the 
film should be eut into two pleture sections ag it is removed 
from the reel for drylnge 


Se Printing 

In the making of sontatt prints, the authors found 
the easiest method was to use a plece of plete glass somewhat 
longer and wider than the nesative, and the light used as 
general Lllumination in the darkroom for the light source, 

A large towel was placed uncer the glade to erevice geod con= 
tact between the vaper, flim, and flags, This was necessary 
due to the unevenness of the table top upon which the 2lc« 
tures were orintod. 

The solutions were olaceé in three white enameled 
trays approximately 11° = 14" in sise, and the prints run 
through the acolutions oy hand. Tuis was found entirely ade= 
quate and satisfactory since tie density of the resulting 
print could be closely controlled sy watching the images come 
oat under a ruby or anber safelicht. 

No atterot was made to keep gate on the length of 
exposure, or time of development, since this wlll vary with 
the cenalty of the nesative, the strength, location, and poe 


sition of the light source, anc the strength of the developer, 





pay 













ahr DCMI pete cf lle wi were | 
M6 Dae cee FETT WS Ohi eee ap 


draft bere et fet tay eet te! 
or tan premiyte 
A meray eer rans pee abit: begtopee | 
Ree A) FR eee canes oe in! ted an 
lira 


o —_ = 
























| beet peal nd hah bowed cesta 
NAA NTA me oth ee toad oh 
Om LE me See cee tie mt net zen ome ce 
a0 Vol ethers) © ce wm léegiong ls dam 
me ee Re, oF ents et we senate oe ime naa 6 
PVOREAS Abe AS ted, mee nt!) pet it ower eee 
ee ee eS oe 
od et ell 
<r ' 
i elas etd wale of “by 8 1k (rere ogre 
=. Pa em oe 'Soi-g ew seer 
ee ee eee 
PUR Sel ee! eile Ff Sebi? eerie ot Que tee 
OWES Pte Wee Ah let © Tete ee 
SL ee OO re ee ee eres ot 

AMP epee Am AO OO, Heme dh Be Se ee ae mga 
el ee Le oe i 
Peieret ow 12 mete 40) we preemwe tee! ! om On Mie 














The best way to check for these factors is to use & test 
strip of paper and precesa it in the usual qanmers Pixing 
wos usually carried on for about ten minutes as this tine 

was found sufficient fer te purpose of the prints, Altheugh 
the wuthors lad mo trouble wlth the fixing Bath, .t te good © 
tecimique to check the tati with a teat kit every so often to 
be sure that the fixer hne not Geen oxmmusted, 





This assumes that the flie has already been eut to 
the correct with for the film speclsein the Pile mm c#sines 
The authors follewed the proceéure of allowing facut a foot 
for leader end a foot for traller which gave plenty for 
Clipping to the reels of the developing machines With this 
in wind, anc rewembering that all the losding aporations sust 
we done in total Carwness, proceed es Lellowss: 

Lay the film macasine on lts back With the too 
facing the cperater and rewove the two side plates, Cheek 
the motion of the reels and sorocket drive drem by turning 
over by hand. 

WLEN tle correct length of flim ready to losd, 
faster. the fiim to the left hand reel with two pieces of 
ecoteh crafting tape, emulsion alice toward the reel. Bake 
sure thet perforations in the film are adjacent to the vot~ 
tom flange of the reals 

Turn the reel in such a direction as to wind the 
film on to the reels Dearing the Winding cpeoration it may ve 


advisable to remove the tension spring from the shive, but 
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‘igs Viiel Side view of camera with side plates 
removed showing Clim in position around sprocket 
Grow and takewup reels 
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as s00n se winding 1a completed, replace the syringe or the 
film will ‘eve « tendency to vawind fron the reel. 

Witte @ petr of solasors, cut eff avout the firet 
eieht inches of the perforstiome® and slice the Mila between 
the plate forewing the formal plane slit and tne mrecket Gram, 
This ey be feollitated by pressing the focal plane silt 
alightly toward the front of the ecanerms 

Craw the file through until the perforations ene 
gage the sprocket teeth, then seeure the flim to the take 
uo peel tn the sae manner ase previously Comserthed, emaision 
facing tee reel. 

Jy Mand, tern the sunll gear famtened te the shart 
of the anrecket Crum in the same direction as it will tum 
when the camera {s in operation, Stieek the take up reel te 
soc test ile is belng handlec correctly. 

Replace the side plates and tighten the thamb nuts 


securely oy haré. The file magagcine is now ready for operation, 





1 
! 
| OO aes A hm tne ot a 
alyer om! cum Marre tO “eee . law | 
pm vee fee Ts yee 0) cue ta ‘ 
ee ee en | 
PINE Aa eh ithe unde free el eee BORE 
Mile tert Ct ee eee pi sete tt - 







7 




















lie Were 20 eee oe e/a lee 
shen = 6 ble 
mete ane Mles ot one pee 
FE ee mre dee ee ee eee ee 
Meee ee pres eee ls 


















PP & | CAA vee satire pmtet #2 grr¥ ’ 
oot ment mt RC Ble OM ent qe 
Ye EW Mee AE ete o/h err ce 
in 





eee 


CG. Plotting 


All sentrol points from which expoeures have been 
mace are first plottec on the Gap gslLect by the use of coore 
dinates or any other standard method ef plotting control. 

Prints of plotures made at two adjacent stations 
are then seeurec to a drawing beard over a backing sheet. 
Each print conteins at least one ovuject of mow bearing; 
the grids are therefore pisced over the prints so that this 
object fnlia at the proper distance from a vertical grid 
line to permit the grid i’nes to represent even degrees of 
true bearing. Cor example, if a known object were at véaring 
S6° «= SO', the Anown object ehould Se located halfway te= 
tween two vertical litres. The vertical lines are then tdenti«- 
fied every five or ten degrees by noting the oearines the 
lines represent on the Backing sheets. (If the dlvigionse were 
labelled on the overlay grids, the grids woult almost serely 

Rave to be transferrec dering plotting or grids nearly séven 
fect long world have to ve use.) 

Any other point may Ve losuted on the ig etna 
reading tre bearing Prow the first pleture ard grid, and 
plotting a Line of that bearing from She centrol point on 
tie wan from which that giecture was taken, tren reading the 
bewring of the same object from the second picture ard grid, 
and plotting ita bemring from the control point from which the 
socend pcleture was wade, “Sther soints ere located until the 
mip is completed, it is recomeeonded treat any one oblect ve 


located. coupletely on the gap before plotting bearings te 
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Fig. VII-2. Planimstric Plotting Procedure. 


Showing method of placing overlay grids and , 
transfer of object from photograph to map | 
s heet. 
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other objects. This procedure eliminates the necessity 

of numbering or otherwise identifying, fer the sake of 
plotting, any escent control pointa at any time during the 
course of field or office work. By using a universal 
drarting wachine for olottiny beartnia, the work may be made 
to proceed quite rapidly. , 

















i. Camera 


So far as the gutuors Reve teen adie to isarm 
from thelr investigations, tie camera oerforms the functions 
it was designed for fairly satisfactorily, Sut it is fer 
from ideal. The followias saggestions may be helpful te ange 
one wishing te proceed furtrcer with this work, 

le TRe lems anc shatter assembly eight well Le 
fixed wore rigidly with respect to the fllm @aganioe, pare 
tleularly ir the cawera is to ve used for elevation deter 
sinationa. 

Se Merufacturers will, if given saffletent time; 

Suphly roll film of any width, weltgnt, emlsion tybée, and 
pertoratieon epecing witcin rewson, The fille uwaed wus 
Satisfactory as to wolylt amt emulsion type, bit M/s aout 
12 1/8" wide, The € 1/4" width to widen Lt wae cut is cor 
sicoered a reasonabls cicensim, at least for use With a 
270 we focal length lene Sreten, NJowever, cutting Li thee 
ieft cerferations on one eage only. fer Seat results, the 
film should have perforations on beth edyes and the catera's 
film drum elould have eprockets to engeare both sets of pere 
foretions. 

Ge Some provisicn should be made to eliminate 
backlast: in the driving gerrs. A reduction in woter supply 


voLtage Might be the anewor, OSurprisiug as 1% may seem, the 


“SS 


use of a 1/100 horsepower moter conatituted overemotoring, 


cue te the very comeldersule gear reduction. The moter was 
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apoerently so lightly loaded thet its speed was itiat ted 
TRinly by lta om friction ané beck emf, and the vertical 
light streaks on the print® egy beve been Gus to the fect 
that motor speed tande® to Mant. A frictian érag on cabera 
motian aight be another selution te tee prvolem, 

4 if blieveticn letting ia contemplated, an 
Cleyation grié tnserivec to thin celluloid ant covering 
the slit in fromt of the Flim drum would Ye am alG to ace 
surecy in elevation @eterminaticns, since the flim oar ride 
up and down a small distance on the drums It ts recommended 
that such a grid ve calibrated in tangents of vorttesl 
angles, veth to faciiltate interpolation mn to minkeize 
chlculatlons. 

Se If a completely new camera Ceaign were con 
templated, tne substitution of maynesium for aluwaloum and 
the substitutien of castings, finish eeculned as required, 
for the pletes-anc-angle tye of constraction, would o@ worth 
serious coneideration, A comalicerable reduction in weight 
and fiuprovement in rigtdttr, anc possibly cetter mechanical 


dalance and outward appesrarce wilert resulte 
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Although the oxperitence in the fleleé with the 
equipment previously mentioned was far Cros extensive, the 
anthore believe teat the field practice as set forth in 
Seetion YS is fairly adeqvete for the purpema intentled, 
Vowever, there are certain aicescaticng that might ve ad- 
ventaseously notea at tlie tlwee, 

With regard te the tergete used, range poles with 
cardboard equares fastered near the too, the Lieit of visi« 
bility seems to ve between one dmrnérec gr¢ one hundrel and 
fifty yards, If the caweora is to be used In terrgic where 
Longer sights are contemplated, it would seem advisable to 
use either a larger terget on the range pole, some type of 
flag, or & large clearly defined object, le. house, corner 
ef building, ete., for one stetion in tie control, Under 
some circeastangsec, ocousetion ef the point im suestia 
sieht not de possible but at Llemet distence to it seuld be 
measured, 

ene point that eust ve eumptasizer iz the necessity 
Yor olacing te tergets co that they will be in the correct 
ligkt to phetograph well. Since the accuracy of thé wort 
georencs on the ease with which objects way be identified 
on the pboteorraph, it Le essential that ther be clear and 
Gietinets It 1s therefore recommended that whenever posst~ 
ble targets be pleced so ther wlll reflect Light toward the 
cameras it was found tiet tergets glaceé under trees, or in 


generally shaded areas slewed up very poorly, er net at alle 
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Po? peveral résmone It wan found newt te sake 
photeymwphic runs in the «iédle of the Gay whamever poasi- 
ble, If ths sun ta too low tn the ‘4 there willl He eon 
sidersile over emosure Present when the cuwers ia fading 
in the direction of greatest ligt, Waring the afiddle of 
the day general ail aroand lighting conditions were found 
to be better thas giving better pictures. fer greatest de-~ 
tali, bowever, it mis found that a Slight overcast was bet- 
ter tin a trilliant gen. This evidently stem from the 
fact thet light intensity 18 about the fame, It dee te the 
overcast, shadows do not sredowinates 

An emposure meter te a great aid in Ceternaining 
the correct lens opening, and it is sugested thet one be 
used whenever nossible, The authors fou that using a 
General Cleetrie file speed of 190 and pleking the Lens 
opéning correaponding to a atutter speed of one hundredth 
of a second gave good results with Aero-tyre file thet wae 


available, 
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Ge Darcrocs 


Although no serisus troudvle was experienced tm the 
darkroom, S few things were noticed that alight be classed 
as outside the usual run of dar#room procedure, 

Sinee the negative from the camera is longer tivan 
the ugual negative used to make sontact prints, some cif- 
ficulty was encountered in previding a method which would 
inaure complete contact between the film, paper, and glass 
plate. To expedite printing, a large bath towel was olaced 
on the table anc the paper, film, and gless mut on top of 
the towel. This provide@ euffietoent fill for the unevenness 
of tie table tep te oliminste the poor contacts If a great 
number of printe were to be «ade, it is thought thet a long, 
srooth board, finieahed to provide a true gurface and covered 
With felt would provide a better answer te the rroblen, 

In this ease the problem of illurmination fer the 
Contact prints was met by using the lighting fixture in the 
darvroom. The light was satisfactory for rough work, but 
in cases where the denelty of the negative varied considerably 
light of this kind proved inadequate, The answer to the 
problem undoubtedly Lies in oroviding a type of illumination 
Wiieh ean be varled along the length of the negative te meet 


this changing density. One thought along this Line was te 


& 


qulp a Long member with thres or four Llignt sockete with 
incdividGual awitehes, This woale allow the light to be very 
closely controlled at the will of the oneretor, and operated 
in confuntion with a standard electrical photographic en- 


larging tlmer would give excellently controlled nrinta,. 
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Tt 4s felt by the authors that the design and 
development of a camera capable of tabling a complete ard 
continuous picture fer tiree hundred and aixty degrees 





around a point, and the application of the resultant pie= | 
ture to terrestrial phetocramectry represents a decided | 
etep forward in this field. 
As pointed ont in the introduction, the leng and 
laborious process of plettinyg Prom several photographs 
eombined with the orlenting precedure necessary with in-= 
dividual vrinte has been replaced with the continusus 
picture ané transparent overlay. 
Tne fact that a smell area was photocraphed and 
waoped in a fraction of the time thet ordinary surveying 
metnode would tare encourages the thought that this 
uethod may possibly have sreeter uses. With one geod 
day in the field, the p..otegrapher ean tring In enovehk 
Gate to keep the offlee ousy for a perloc of several days. 
Although the initial outlay for agparatus euch 
as this, and tue necessary facilities for developing and 
printing will rum prettier high, 1t is tiougnt that fer 
Some corecerm svecil@ligins in this tyos of werk considerable 
Savin} might be realized. “ot only will the actual 
tine arent in mapping te Less, bet the atten@ent cost of 


wt 


field oarties will be materlally reduced. 
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